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Abstract 
We present a microfluidic chip for fluorescent single particle measurement, featuring three-dimensional hydrodynamic focusing 
and an integrated self-aligned microlens which has an adjustable focal area. Microlenses are a powerful option to increase 
particle detection sensitivity but generally they are limited to one focal point. The newly developed self-aligned microlens with 
adjustable refractive index allows focusing the stimulating laser beam for different sample fluids and hence combines increased 
sensitivity with versatility of the optical measurement method. The three-dimensional hydrodynamic focusing provides a stream 
of seriatim particles in the channel, which is an important precondition for single particle measurement. With this design, 
fabricated in SU-8, single fluorescent particle measurement was successfully carried out. 
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1. Introduction 
For analyzing chemical solutions, particles or cell suspensions fluorescent flow cytometry is an especially powerful 
technology 1. Compared to bulky conventional flow cytometers, microfluidic chips only need very small amounts of 
sample liquids. For single cell analysis, which is essential in life science research, a proper particle focusing is 
necessary2. Scaling down the channel dimensions to cell size gives rise to problems with increased flow resistance 
and channel clogging. Therefore, a proper three-dimensional hydrodynamic focusing of particles is a powerful 
option to focus particles or cells into a seriatim flow without introducing mechanical stress to the sample3. Still, one 
of the key challenges is to improve the performance by increasing sensitivity of the optical measurement system.  
 
In our design we present a new microfluidic chip, shown in Fig. 1, which features five inlets (1 sheath flow, 1 
sample flow, 1 lifting port, 2 side ports) and one outlet. A novel fillable self-aligned microlens (Fig. 1 (b)), used to 
focus the stimulating laser light, is located outside the sample channel to avoid flow disturbances. Two additional 
lens fluid ports allow changing the refractive index in the lens body and hence shifting the focal area of the 
microlens. The sheath flow surrounds the sample from top and laterally, the lifting port (Fig. 1 (b)) creates 
additional sheathing from the bottom and enfolds the sample coaxially, thereby avoiding sample adsorption at 
channel walls. The sideports sustain additional focusing of the sample fluid. Due to the smooth 45° junction of the 
sideport channels, the sample shape is less disturbed by the Dean Effect4. This improves laminar flow conditions 
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 and supports particle focusing. The optimization of the design was evolved using both fluidic (COMSOL 
Multiphysics) and optical (ZEMAX) simulations. A flow simulation of the three-dimensional hydrodynamic 
focusing unit is illustrated in Fig. 1 (c).  
 
 
 
Fig. 1: Schematic chip design (a) with measurement zone, coupling fibers and microlens in detail (b) and  a flow simulation of 
the three-dimensional hydrodynamic focusing with a top and a side view of the channel from COMSOL Multiphysics (c). 
 
2. Fabrication 
The chip was manufactured in SU-8, a transparent photoresin, by standard lithography and etching steps on a four-
inch silicon wafer. Holes were backside etched into the silicon wafer for the fluidic support of the chip. The SiO2 
was patterned by a standard photoresist and dry etched by reactive ion etching (RIE) before the silicon was 
anisotropically wet etched by KOH. The SU-8 epoxy structure was then produced applying a backside mask 
aligning and a developing step. As there is a SiO2 on both sides the remaining membrane was removed by ultrasonic 
cleaning. The SU-8 fabrication provides sharp edges and smooth sidewalls of the channel (80x80µm2) and the 
microlens (Fig. 2) without the demand of complex process steps. Additional clamps in the fiber grooves provide 
easier fiber handling. These simple fabrication steps enable to produce a full wafer in one day with 2 lithographic 
steps. The microchip was sealed by a PDMS (Polydimethylsiloxan) layer on a glass cover from top. This allows 
external observation and detection of cells or particles under a microscope. 
 
 
 
Fig. 2: Detailed SEM images of fiber groove with clamps (a) and microfluidic channel, fiber groove and fillable microlens (b). 
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3. Experimental Setup and Measurements 
For the measurements the microfluidic chip was mounted on a custom holder and clamped in a standard cage mount 
system (Thorlabs). The fluids were provided by syringes driven by commercial syringe pumps (kdScientific 200) 
connected via tubes to the holder. This approach enables the integration of further parts of the measurement setup 
(excitation laser and silicon detector) and hence constitutes a convenient flow setup. The light coupling was 
managed with glass fibers connected to a solid state laser (λ=532nm, PCW=20mW) used for stimulation. Another 
glass fiber detected variations in the incident light beam by a standard, pre-amplified Si-Photodiode operating in 
Lock-In-Amplification. The stimulated laser is modulated by a signal generator (f=20kHz), which works as a trigger 
for the Lock-In Amplifier. 
The experimentally found hydrodynamic focusing limit was around 4µm. Thus particles around 2µm in diameter 
can be focused by the device. This includes the size of most biological cell types. 
The lens performance measurement was carried out with a Rhodamine B solution. DI-water and air were used as 
lens media (Fig. 3). The measurement results showed very good agreement with prior simulations. The focal point 
could be shifted from the left to the right channel wall (approximately 80µm). This enables adjustment of the lens to 
sample fluids with different optical properties and hence increases the sensitivity strongly. 
 
  
 
Fig. 3: Fluorescence images of Rhodamine B solution. DI-water as lens medium (a) and air as lens medium (b). 
 
Laser induced fluorescent single particle measurements (diameter=6µm) were successfully carried out (Fig. 4). For 
the measurements an optical notch filter (40nm broad @ 600nm) was implemented in the detection path to block 
stray light. Due to too high fabrication tolerances the optical fibers could not be placed as close to the flow channel 
as we had designed them to be. This fact is assumed to be responsible for additional optical signal loss. However, 
the 6µm diameter particles could be detected very well. In order to improve the signal to noise ratio (SNR), a better 
optical coupling is crucial. The uniform peaks of the measurement results also enable the simultaneous detection of 
two different sized particles which can be distinguished according to their signal amplitude. 
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Fig. 4: Measurement results of fluorescent particles (6µm diameter) detected with a pre-amplified Si-Photodetector operated in 
Lock-In-Amplification. 
4. Conclusion 
Fabrication of microfluidic channels in SU-8 epoxy on silicon provides a fast and convenient way to establish high 
aspect ratio structures. Three-dimensional hydrodynamic focusing is a powerful opportunity to provide a stream of 
seriatim particles without introducing mechanical stress. The measurement results of the implemented adjustable 
microlens prove that the focal point can be shifted in a wide range. Hence, the light intensity and as a result SNR is 
increased for particle measurement in the microfluidic channel. Detection of particles with dimensions comparable 
to those of biological cells by silicon detectors potentially enables the manufacturing of a fully integrated flow chip 
on a silicon wafer for cell measurements. In future work, different lens designs will be tested and the optical fibers 
will be placed closer to the fluidic channel which will further increase SNR so that even smaller particles can be 
detected.  
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